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SU(N) physics

Used to understand the large-/N limit of strongly correlated systems.

Realizations in ultra-cold atoms, spin-orbit coupling and bilayer graphene.

Twisted Bilayer Graphene: Moiré-induced Electronic Structure
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Deconfined Quantum Criticality

Possible explanation for some continuous transitions between two ordered states (not
expected from Landau-Ginzburg theory) in (2+1)D.
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Decay of discrete-symmetry breaking VBS pattern for deconfinement of spinons.
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Model: Square lattice with two SU(4) fermions on each site.

Possible antisymmetric states:
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System hosts 6-colors on each site:
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Ferromagnet

» J =cos(f) and K =sin(f). QMC
compatible for
0 € {—0.75m, —0.57}.

—3m/4 SU©) 66_
PS W,

» Stochastic Series Expansion QMC : —7/2
Direct sampling of Tr[e™#H] L bimer order

1Gauthé, 0., Capponi, S., Mambrini, M., & Poilblanc, D. (2020). Physical Review B, 101(20), 205144.
zKim, F. H., Assaad, F. F., Penc, K., & Mila, F. (2019). Physical Review B, 100(8), 085103.
3Wang, D., Li, Y., Cai, Z., Zhou, Z., Wang, Y., & Wu, C. (2014). Physical Review Letters, 112(15), 156403.



Definition of Order Parameters:

We use the equivalent of §% in SU(2) (Cartan operators):

Ca=1,23 =y _b5lc)(c|

by = 3(1,1,0,0,—1,—1)
by = 3(-1,0,1,-1,0,1)
b3y = 3(1,-1,0,0,1,-1)

To detect simple (anti-)ferromagnetic ordering: Cc = (C,—(0,0) - Cr—(1/2,./2))
For nematic ordering: Cy = (Q1 r—(0,0) Q1,r=(L/2,0/2)), Where Q1 = G i — %

For dimerization:
D = (Dx,Dy)
Dy = Zi(_l)ixc"xv"y . C,‘X+1’,‘y DCOfr(b) = ((C070 : Cl,O)(C?lb : C?é’))

Dy = > .(-1)¥C;, i, - Ci i1



Phase diagram with 6/x
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Emergent U(1) symmetry

B = 2L, with L = 16,32, 64
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Mapping to Nematic Basis

Advantageous to use a rotated basis in which nematic behavior is easily identified.

o) = == (10) + 15). N6} = —=(10) = I5)
1 i
IN1) = E(ID +14)), INa) = E(H) —4))
1 i
IN2) = 2(\2> +13)), IN3) = ﬁ(m = 3))-
H= Z JZ INeN Y (N Ne| + (J — K) Z INeNe) (NsNg| (1)
(i) c,c c,s

Space is invariant under rotations in 6D : SO(6)
Explicitly SO(6) symmetric: ((O) ® N) H ((O;) ® N)

Nematic ordering in color basis = ferromagnetic ordering in nematic basis.



Phase transition
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Histograms at L = 32 do not conclusively
indicate first order behavior.

Evidence of first order behavior for L ~ 40.

Weak first order transition.




Comparison with SO(5) symmetry
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Possibility for Continuous N

Continuous N can allow for a closer approach to a DQC.

Trle=PH] = Zn

5" Tr[H").
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Conclusion and Outlook

> Realization of nematic phase with SO(6) symmetry.

> Evidence for proximity to a DQC point for SU(4) fermionic system.
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AF order at 7/2 increases as N decreases

VBC order at /2 increases as N increases

Closer approach by using continuous N formalism within QMC ?

Breaking of U(1) symmetry to columnar/plaquette/combination VBS pattern ?
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